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Abstract 
The objective of this study was to explore the impact of nutrition education 
on the nutritional intake of female high school students.  Two groups of females 
from Saline High School (Saline, Michigan) participated in the study.  Age, 
height, weight, and activity level were obtained from each student in the control 
group (N=5) and the experimental group (N=17).  Participants also completed a 
demographic survey and a 3-day food diary (two weekdays and one weekend 
day).  No significant differences were found between the groups in age, weight, 
height, or Body Mass Index (BMI).  Diet analysis of the three-day food diaries 
showed significant differences (p<0.05) in intake of dietary fiber and several 
vitamins and minerals.  In this study it was found that students who took a 
nutrition education (NE) class consumed significantly more dietary fiber as well 
as certain vitamins and minerals. Amounts of these nutrients consumed by the 
NE group were closer to the Dietary Reference Intake (DRI). 
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Chapter 1: Introduction 
 Recently the American Dietetics Association (ADA) published a position paper 
regarding the nutritional needs of teenagers.  This paper stated that the health of 
adolescents is dependent on normal dietary intakes and that the provision of foods that 
contain adequate energy and nutrients was essential for physical, social, and cognitive 
growth and development (1). Adolescence is a time of rapid growth and maturation; it is 
during this life stage that people gain about twenty percent of their adult height and 
about fifty percent of their adult weight (2). Nutritional deficiencies can increase an 
adolescent’s chances for the development of many diseases and even some types of 
cancers. 
 Since poor nutritional choices and practices have been shown to increase during 
adolescence, the need for nutrition education (NE) becomes clear.  It is important that 
health educators look into NE and its impact on the dietary habits of adolescent 
females. Several studies (3,4,5) have been conducted that show how NE impacts the 
dietary habits of adolescents.  These studies have reviewed the effect of NE on 
adolescent athletes and have analyzed how NE impacts snack patterns.   
One particular group of interest is the adolescent female.  Few studies have 
reviewed the impact of NE on the dietary intakes of the average adolescent female.  In 
the present study, the effect of a semester long NE class on the dietary habits of 
adolescent females in a high school in Saline, Michigan, was examined.  This study 
compared dietary intakes of female students who completed a NE class to female 
students who did not.  The findings in the present study are important in that they help 
nutrition educators and dietitians understand if adolescent females who are provided 
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with a NE program over a one semester time period will develop better eating habits 
than females who do not receive NE.  
 
 3 
Chapter 2: Review of Literature 
Nutritional Requirements of Teenage Girls 
 Adequate nutrition intake is important during adolescence to insure that 
accelerated growth and maturation take place (2).  The position the American Dietetics 
Association (ADA) has taken regarding the nutritional needs of teenagers is that “the 
health of children and adolescents is dependent on food intake that provides sufficient 
energy and nutrients to promote optimal physical, social, and cognitive growth and 
development” (1).  During adolescence a person gains about twenty percent of his/her 
adult height and about fifty percent of his/her weight (2).  Adolescence is also the time in 
a female’s life when the majority of bone mass is built.  Nutritional deficiencies that are 
incurred during these formative years can lead to both a loss of height and delayed 
sexual maturation.   
 The primary macronutrients include carbohydrates, proteins, and fats and are the 
building blocks for providing energy in the diet.   Children who do not consume 
adequate energy and nutrients are at risk for a variety of complications including growth 
retardation, iron deficiency anemia, poor academic performance, and development of 
psychosocial difficulties (1).  
 The number of calories an adolescent needs to consume is dependent on body 
size, the growth rate, gender and activity level.  The average fourteen- to eighteen-year-
old female needs between 1,800 and 2,400 calories a day to meet her needs for growth 
and activity (6).  As activity levels increase, the number of calories needed should also 
be adjusted.  
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A secondary macronutrient is calcium, which is classified as a macromineral.  
The National Academy of Sciences recommends that adolescent girls consume 1300 
mg of calcium/day since this is the time in their lives when peak bone mass is 
developing.   
Food Intake Patterns of American Teenage Girls 
The typical adolescent’s diet has been described as being high in fats (saturated fat, 
cholesterol), sugar, and sodium while being low in calcium, iron, and fiber (3,7).  Eighty-
four percent of school-aged children eat more than the daily recommended intake of 
saturated fat, and only two percent of school age children meet the daily 
recommendations for all five food groups contained in the food guide pyramid (8). 
The Center for Disease Control (CDC) found that 80% of young Americans do not 
consume the recommended number of servings of fruits and vegetables daily (9).  The 
CDC report states that 85% of adolescent females do not consume enough calcium, 
and that over the last 25 years the consumption of milk (the largest source of calcium) 
has decreased by 36% among adolescent females (9).  From 1978 to 1998 the average 
daily consumption of soft drinks has almost doubled (6 to 11 ounces) among adolescent 
females (9). 
A study conducted by the CDC identified unhealthy dietary behaviors as one of 
the six categories of unhealthy behaviors that are linked to the leading causes of 
mortality and morbidity among all age groups in the United States (7).  From these data 
the CDC developed the Youth Risk Behavior Surveillance System (YRBSS), which 
obtained information regarding a group of health behaviors commonly found amongst 
students grades 9-12.  This study (7) revealed:  
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• Only 23.9% of the students studied ate 5 or more servings/day of fruits and 
vegetables 
• Only 18.0% drank 3 or more glasses of milk/day 
• Female students were more likely than male students to drink fewer than 3 
glasses of milk/day 
 
The USDA conducted a survey called the Continuing Survey of Food Intakes by 
Individuals (CSFII) that studied meal and snack patterns of children along with their 
intake of calories, total fat, saturated fat, cholesterol, fiber, calcium, iron, and sodium 
(10).  In this study, female adolescents (age 12-17 years) ate an average of 2.5 meals 
and 1.0 snack/day.  This was the lowest rate of meal and snack consumption among 
the four age/gender groups specified by the study (10).  The CSFII study also found that 
children in secondary schools drank less milk than children in elementary schools (10).  
Adolescent girls in the study consumed an average of only 6 cups of milk over a 3-day 
period (10).  Many American adolescents have also been shown to be replacing milk 
with soft drinks.  The USDA has stated that soft-drink consumption has increased 
almost 500% over the past 50 years (11).  Adolescents get approximately 11% of their 
calories from soft drinks (11).   
Outcomes of Poor Dietary Choices 
A foundation of sound nutritional habits established during childhood and 
adolescence are essential for proper growth and development, reduction of chronic 
disease risk, and long-term quality of life.  Students who are overweight and 
undernourished may eventually develop many health related problems including 
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depression, desire for isolation from others, diabetes, asthma, sleep disorders, joint 
problems, heart disease, high cholesterol, and cancer (2).   
Impact of Nutrition Education On Nutritional Intake 
Three key studies (3,4,5) have looked at the impact of nutrition education on 
nutritional intake of students. A study by Nicklas et al. (3) focused on increasing student 
consumption of fruits and vegetables via a program called “Gimme 5: A Fresh Nutrition 
Concept for Students.”  The interventions provided by this program included (a) a media 
campaign, (b) classroom workshops, (c) modifications in school meals, and (d) 
increased parental support.  Prior to the development of this program, a focus group 
identified lack of availability and variety of fruit as well as inconsistency in taste as three 
major barriers to increased fruit consumption amongst students. 
The main component of this dietary intervention was a fruit and vegetable-
focused media campaign.  Various forms of media were used to provide appealing 
messages and activities to the students with the hope that this would increase their 
awareness of the benefits of fruit and vegetable intake, reinforce concepts dealing with 
these issues, and promote positive attitudes toward the consumption of healthy food 
products (3).  One-hour-long workshops were held in classrooms.  Each workshop had 
a unique title: (a) Fresh Start, (b) Body Works, (c) Eating for Athletic Performance and 
Appearance, (d) Fresh Snax to the Max, (e) Fast Food - Go for the Green and (f) 
Microwave Magic and Other Quick Fixes (3).  Further components of this program 
included subject activities which (a) required that teachers of academic courses use 
fruits and vegetables in their lesson design and (b) allowed for school meal 
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modifications to be made which increased availability and variety of fruits and 
vegetables. 
Results of this study indicated that daily servings of fruits and vegetables 
increased 14% in the intervention group, whereas no significant increase occurred in 
the control group (p>0.001) during the first three years of intervention (3).  The 
intervention group also had significantly higher nutrition knowledge scores and 
awareness indicators than the control group (p<0.0001). This study provided evidence 
that programs like the “Gimme 5: A Fresh Nutrition Concept for Students” program, 
when delivered as a large multicomponent school-based health promotion campaign, 
could be “somewhat effective” in increasing nutrition knowledge in adolescents.     
A different approach to nutrition education for females in high school was illustrated 
in a study by Elliot et al. (4).  Athletes who were involved in the Athletes Targeting 
Healthy Exercise and Nutrition Alternatives (ATHENA) program were asked to use a 
school based, team-centered format to promote healthy nutrition habits and effective 
exercise training as an alternative to other health-related behaviors that could be 
harmful.  The objectives of the ATHENA program included the application of nutrition 
education and healthy exercise to (a) reduce disordered eating habits in young female 
athletes and (b) discourage these athletes from using body-shaping substances (4).  
The “intervention” provided by this program was delivered via eight 45-minute sessions 
during a team’s sport season and was integrated into the team’s usual practice 
activities.  Teams were divided into “squads” of six athletes, and one athlete from each 
squad was chosen to be the squad leader who led the majority of the ATHENA 
activities.  The coaches functioned as timekeepers and facilitators.  Athletes involved in 
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the program received workbooks and a pocket-sized nutrition education training guide.  
The nutrition component of the ATHENA program was focused on (a) classifying foods 
as those which were high in carbohydrates, proteins, or fats (b) defining carbohydrates 
as muscle “fuel” for intense exercise, and (c) insuring that adequate protein and calcium 
intakes were achieved (4).  
Results of this study indicated that the athletes who had received nutrition 
intervention used fewer diet pills (P<0.05) and other body-shaping substances such as 
amphetamines, anabolic steroids, and muscle-building supplements (P<0.05) (4).   In 
regard to health-related concepts like  “nutrition, exercise, and beliefs,” the experimental 
group reported significant positive changes in dietary habits and exercise training self-
efficacy.  The athletes also indicated that the tracking of their protein intake increased 
their total protein consumption and provided a greater confidence in their strength-
training skills as well as a belief that what was consumed affected their athletic 
performance (4).  This study also showed that this type of program was effective for 
changing behavior of high school athletes and could be effective with all high school 
students. 
A study conducted by Chapman et al. (5) analyzed the effects of NE on high school 
female athletes.  Dietary habits were studied by having control and experimental groups 
of students complete 24-hour dietary recalls before and after they participated in a 
nutrition education (NE) program.  A pretest showed no significant difference in nutrition 
knowledge between the two groups; however, a posttest showed significant 
improvement in the nutrition knowledge of the experimental group.  The results also 
showed that the percentage of total fat in the diet increased in the control group while 
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the opposite occurred in the experimental group.  The overall percentage of 
carbohydrate consumption increased in both the experimental and control group.  The 
experimental group’s carbohydrate intake was closer to an “optimal level” than that of 
the control group (5). 
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Chapter 3: Methodology 
Subjects 
 Two groups of female subjects from Saline High School (Saline, Michigan) 
participated in the present study.  The control group (N=5) consisted of junior and senior 
level students who had not completed a NE class, and the experimental group 
consisted of junior and senior level students who had completed a NE class.  Both 
groups were similar in age, with the mean age of the control group being 17.8 years and 
the mean age of the experimental group being 17.5 years.  Approval for this study was 
obtained from the Eastern Michigan University Human Subjects Review Committee 
(See Appendix 1). 
Teaching Methods 
In the present study the NE course taught to Saline High School Students 
consisted of 6 units covering the following topics: Why Study Human Physiology?,  How 
Nutrients Relate To Chemistry, The Cell, Metabolic Fuels, Nutrients and Their Uses, 
and Tissues, Organs, and Systems.  Teaching methods included the use of lectures, 
handout materials, videos, and guest speakers.  
Research Design 
 The present study was conducted over a one-week period at the end of the 
spring semester (2006).  The experimental group of students had just completed a 
nutrition course.  Participants in both the control and the experimental groups were 
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asked to complete a short survey that included questions about their daily activity status 
as well as a 3-day food diary. 
Anthropometric Measurements 
 The heights and weights obtained from the students were used to determine the 
participants’ body mass index (BMI). Each participant’s weight was measured “without 
shoes on” using a Tanita NTEP Certified Weight Scale (Tanita; Arlington Heights, 
Illinois).  Students’ heights were self-reported.  BMI was calculated using the standard 
formula: BMI= weight (lb) / [height]2 x 705.   
Food Diary 
Subjects were asked to maintain a 3-day food diary (two weekdays and one 
weekend day) in which they recorded all foods consumed.  Students in both groups 
were given a handout (Appendix 2) that was to be used to maintain their diaries and 
were provided with instructions on how to record food consumption data by a registered 
dietitian (R.D.). These instructions were designed to help students determine serving 
sizes of different food groups. The three-day food diaries were obtained from all 
participants in the study, and food intake data were analyzed for nutrient content using a 
dietetic software program (Diet Analysis Plus 7.0) (12).  These data were then used to 
determine the three-day average intake of fifty-two different macronutrients and 
micronutrients for each participant in the study.  Food intake averages were then 
compared to the Dietary Reference Intake (DRI) for each nutrient for which a DRI was 
available. 
 12 
Statistical Analysis 
Data from the nutrient analysis of the three-day food diaries were analyzed using 
a test for equality of means, which was performed to determine t-values, degrees of 
freedom, significance (2-tailed), and mean difference for all variables.  Differences 
between groups were significantly different at p<0.05. 
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Chapter 4: Results 
Anthropometric Measurements 
Both the control and experimental groups of students were similar in terms of 
height and weight, with the mean height for the control group being 64.4 inches 
whereas for the experimental group it was 65.0 inches. The mean weight of the control 
group was 130.6 lbs. and 127.4 lbs. for the experimental group.  The body mass index 
(BMI) for both groups was similar, with the control group having a mean BMI of 22.2 and 
the experimental group having a mean BMI of 21.4. 
Macronutrients 
No significant differences were found between groups for number of calories 
consumed or percent DRI of calories consumed.  There was also no significant 
difference between groups in their consumption of total fat, saturated fat, 
monounsaturated fat, and polyunsaturated fats.  Furthermore, the total amount of 
carbohydrates consumed was not significantly different between groups.  However, 
dietary fiber consumption was significantly greater in the experimental group in grams of 
dietary fiber consumed/day and as percent DRI of dietary fiber consumed.  The 
experimental group consumed an average of 17.8 gm of fiber/day, and the control group 
consumed 9.9 gm/day (See Figure 1).   
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Figure 1: Intake of Dietary Fiber By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
 
The dietary fiber intake of the control group was 38% of the DRI, and for the 
experimental group it was 68.7% of the DRI. 
Micronutrients 
Fat Soluble Vitamins 
The average Vitamin A consumption for control group subjects was 527.1 
µg/day, and for the experimental group it was 1501.8 µg/day.  The experimental group 
consumed significantly greater (p<0.05) amounts of Vitamin A than the control group 
(See Figure 2).   
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Figure 2: Intake of Vitamin A By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
 
Furthermore, the study group consumed a greater amount of Vitamin A than the DRI 
(214.6%), whereas the control group consumed less Vitamin A than the DRI (75.4%).  
Vitamin D consumption of the experimental group was significantly greater than 
that of the control group.  The students in the experimental group consumed 4.8 µg/day 
of Vitamin D, whereas the control group consumed 0.9 µg/day (See Figure 3). 
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Figure 3: Vitamin D Intake of Students Who Did Not Receive Nutrition Education 
Compared to Students Who Did Receive Nutrition Education 
 
The Vitamin D intake of the control group was 18.8% of the DRI, and for the 
experimental group it was 95.8% of the DRI.  
Water Soluble Vitamins 
Students who completed a nutrition class consumed more thiamin (Vitamin B1) 
than students who did not enroll in any nutrition education classes. In the present study, 
subjects in the experimental group consumed 142% of the Vitamin B1 DRI, while the 
control group subjects consumed only 86%.   
The present study found that students who had completed a nutrition education 
class consumed a significantly greater amount of riboflavin (Vitamin B2) on a daily basis 
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than students who did not complete the class.  The control group consumed 0.85 
mg/day, while the experimental group consumed 1.8 mg/day (See Figure 4).   
Figure 4: Intake of Riboflavin By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
 
The experimental group consumed a greater amount of Riboflavin than the DRI 
(181.8%), whereas the control group consumed less riboflavin than the DRI (85.8%).  
The experimental group consumed significantly greater amounts of niacin 
(Vitamin B3) (14mg/day) than the control group which consumed 9.8 mg/day (See 
Figure 5).   
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Figure 5: Intake of Niacin By Students Who Did Not Receive Nutrition Education 
Compared to Students Who Did Receive Nutrition Education 
 
The study group consumed 129.9% of the DRI, and the control group consumed only 
70.2%.  
Two other B vitamins that were consumed in significantly greater amounts by the 
NE group were Vitamin B6 (See Figure 6) and Vitamin B12 (See Figure 7). The 
experimental group consumed 1.6 mg/day of Vitamin B6, or about 130.1% of the DRI, 
while the control group consumed only 0.6 mg, or about 48.8% of the DRI. The 
experimental group also consumed a significantly greater amount of Vitamin B12 than 
the control group.  The study group consumed 4.4 µg/day of Vitamin B12, while the 
control group consumed only 1.8 µg/day. 
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Figure 6: Intake of Vitamin B6 By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
 
Figure 7: Intake of Vitamin B12 By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
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Minerals 
Macrominerals 
 The amount of calcium consumed by the experimental group was significantly 
(p<0.01) greater than the amount consumed by the control group.  The students who 
received nutrition education consumed 881.2 mg/day, and students who did not receive 
nutrition education consumed 504 mg/day (See Figure 8). 
Figure 8: Intake of Calcium By Students Who Did Not Receive Nutrition Education 
Compared to Students Who Did Receive Nutrition Education 
 
The experimental group consumed a greater percent (67.7%) of the DRI for calcium 
than the control group (38.6%). 
In the current study, students in the experimental group consumed significantly 
greater amounts of magnesium than the control group.  Students who had completed 
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the nutrition education class consumed 233.3 mg/day, while students who had not 
received NE consumed 102.4 mg/day (See Figure 9). 
 
Figure 9: Intake of Magnesium By Students Who Did Not Receive Nutrition 
Education Compared to Students Who Did Receive Nutrition Education 
 
 
Percent DRI consumption of magnesium was also significantly different between 
groups.  The experimental group consumed 64.7% of the DRI, while the control group 
consumed 27.4%. 
Microminerals  
Students in the experimental group also consumed significantly greater amounts 
of zinc than that of the control group.  Students who had received NE consumed 9.7 
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mg/day, whereas students who did not receive NE consumed 4.8 mg/day (See Figure 
10). 
 
Figure 10: Intake of Zinc By Students Who Did Not Receive Nutrition Education 
Compared to Students Who Did Receive Nutrition Education 
 
The consumption of zinc by the experimental group was significantly greater (p<0.01) 
than that of the control group.  The students in the experimental group consumed 
107.7% of the DRI, while the control group consumed only 53% of the DRI. 
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Chapter 5: Discussion 
Anthropometric Measurements 
 In the present study, anthropometric measurements were similar between the 
control group and the experimental group.  There were no significant differences 
between groups in regard to the measurements of height and weight and the calculation 
of BMI.  Both groups were also similar in age.  This anthropometric pattern could be 
expected since the goal of the NE class was not to decrease weight and BMI, but to 
improve student eating behaviors. 
Macronutrients 
 No significant difference in intake between the control group and the NE group 
was found when consumption of calories, fat, and carbohydrates were compared.  
There was, however, a significantly greater amount of dietary fiber consumed by the NE 
group. Fiber intake is particularly important in females since American women have an 
estimated 5 to12% prevalence of Polycystic Ovary Syndrome (PCOS) (13).  This 
condition has been associated with the consumption of foods that contain a high 
amount of refined carbohydrates and little fiber.  If not corrected, PCOS is associated 
with increased acne, facial hair, frontal body fat, and infertility (13).  Adequate fiber is 
also beneficial to women since it plays a role in the prevention of constipation and other 
digestive disorders such as irritable bowel syndrome and diverticular disease (14).  
Fiber intake has also been shown to be inversely related to breast cancer incidence 
(15). 
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Fat Soluble Vitamins 
Vitamin A intake was higher in students who had completed the NE course. 
Vitamin A is an important vitamin for females with PCOS who suffer from acne due to 
the fact that studies have shown that individuals with severe acne have low serum 
Vitamin A levels and supplementation of Vitamin A may aid in the treatment of acne 
(13).  Vitamin A also plays an important role in the maintenance of normal vision, growth 
and development, development and maintenance of epithelial tissue, development of 
reproductive and embryonic tissue and immune function (2,16).  
The students in the present study who received NE consumed greater amounts 
of Vitamin D.  Vitamin D has several important roles in the body.  One primary role of 
Vitamin D is regulation of calcium and phosphorus absorption as related to bone health 
(17).  This is important in regard to women since they have a significantly greater 
incidence of osteoporosis than men.  The role of Vitamin D is especially important 
during adolescent bone development since this is the period when ninety percent of 
peak bone mineral density (BMD) is attained (18).  Vitamin D consumption is equally 
important during adulthood.  Adequate Vitamin D consumption is necessary to maintain 
BMD.  Low Vitamin D consumption has been shown to lead to decreased BMD and can 
increase a person’s risk for osteoporosis and ostoepenia (17).  Vitamin D deficiency can 
also cause osteomalacia, which has an impact on muscle and bone pain (17).    
Vitamin D also plays a role in females who are diagnosed with PCOS.  Studies 
have shown that when women with PCOS are supplemented with Vitamin D and 
calcium, there is a normalization of menstrual cycles and an improvement in fertility 
(13).  Females with PCOS also often experience insulin resistance.  Vitamin D plays a 
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role in insulin metabolism, and low Vitamin D concentrations are often seen in 
hyperinsulinemic patients and type 2 diabetics (13).  Vitamin D deficiency has been 
shown to be associated with the biosynthesis and release of insulin, and Vitamin D 
supplementation seems to improve insulin response (13). 
Water Soluble Vitamins 
Water-soluble vitamins play an important role in cellular energy metabolism.  In 
the present study it was found that the NE group consumed significantly greater 
amounts of thiamin (Vitamin B1) than the control group. Thiamin plays an important role 
in energy metabolism and neural function (2).  A deficiency in thiamin will eventually 
lead to a condition called beriberi, which includes symptoms such as mental confusion, 
muscle wasting, edema, peripheral neuropathy, tachycardia, and cardiomegaly (19,20).  
In the present study it was found that students who received NE consumed 
significantly greater amounts of Riboflavin than students who did not receive NE. 
Riboflavin (Vitamin B2) is important for many oxidation/reduction reactions in the human 
body including those involving the metabolism of carbohydrates, amino acids, and 
lipids.  Several human studies suggest that riboflavin deficiency may interfere with iron 
metabolism, which may have an impact on a person’s hematologic status (21).  In these 
studies, correcting deficiencies in pregnant or lactating women, adult males, and school-
aged children improved hematologic responses to iron supplements (21).  Furthermore, 
several animal studies have confirmed that moderate riboflavin deficiency can impair 
iron absorption (21).  The role of riboflavin in the development of cancer has been 
studied; however, conclusions have been contradictory.  Several studies have shown 
that deficiency of riboflavin can increase the risk of cancer in certain sites of the body 
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whereas other studies indicate that a deficiency in riboflavin is protective due to 
riboflavin’s role in metabolizing certain carcinogens (21).  A relationship between 
riboflavin deficiency and esophageal cancer has been identified in several 
epidemiologic studies; however, not all studies support these findings (21).  A study 
conducted in China indicated that daily supplementation of both riboflavin and niacin 
over a 5-year period was effective in decreasing the incidence of esophageal cancer 
(21).  Poor riboflavin status has also been implicated as a risk factor for cervical 
dysplasia, a precursor condition for invasive cervical cancer.  This correlation may be of 
great interest to sexually active adolescent females in regard to the prevention of 
cervical cancer.  Acute riboflavin deficiency has also been shown to have negative 
effects on fetal development (21). 
The NE group in the present study consumed a significantly greater amount of 
niacin (Vitamin B3) than the control group.  Niacin is required for energy metabolism 
(16).   A deficiency in niacin can lead to muscular weakness, anorexia, and indigestion 
(19).  Severe deficiency can lead to a condition call pellagra, which has symptoms that 
include dermatitis, dementia, diarrhea, tremors, and a soreness of the tongue (19). 
Vitamin B6 was consumed in significantly greater amounts by students who 
received NE than students who did not receive NE in the present study.  Vitamin B6 is a 
coenzyme that is active in the metabolism of amino acids and glycogen. The active form 
of Vitamin B6 is Pyridoxal phosphate (PLP), which is involved in nearly all metabolic 
reactions of amino acids.  When there is a deficiency of PLP, symptoms include 
weakness, sleeplessness, and peripheral neuropathy.   
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Minerals 
Macrominerals 
 The NE group in the present study consumed significantly greater amounts of 
calcium than the control group.  Dietary calcium, along with Vitamin D, is important 
since it increases bone density in adolescent females.  During adolescence there is 
normally a two to four percent increase in bone mineral density/year (18).  This results 
in ninety percent of “peak bone mineral density” being obtained by the end of 
adolescence (18).  Adolescents who do not reach their “peak bone mineral density” 
have a greater risk of having bone disorders such as osteoporosis and bone fractures. 
Calcium intake is more important in females than males, as osteoporosis is more 
commonly seen in the female population (18).   
The misconception that consuming calcium-rich foods will cause weight gain may 
play a role in the low consumption of calcium-rich food in adolescent females (6).  
Heaney, Davies, and Barger-Lux (23) reviewed six observational studies to evaluate 
dietary calcium’s effect on body weight and body fat.  They found higher calcium intake 
consistently led to lower body fat or body weight and that there was a reduction of 
weight gain in midlife.  This study also found that with each daily 300 mg increase in 
calcium intake there was ≈1kg (2.2 lb) decrease in body fat in children, and a 2.5-3.0 kg 
(5.5-6.6 lb) decrease in body weight in adults.  The conclusion of this study was that 
increasing calcium intake by 2 dairy servings/day could significantly reduce a person’s 
risk for being overweight.  Studies have also been conducted that show a link between 
calcium intake and the prevention of colon cancer.  Dietary calcium has been shown to 
demonstrate an inhibitory effect on experimental colon carcinogenesis (23).  A study by 
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McCullough et al. (24) found that total calcium intake was associated with a lower 
colorectal cancer risk in both men and women.  Even though this is a very important 
nutrient for adolescent females to consume, only about fourteen percent of females in 
the United States consume the recommended amount of calcium (6). 
 Magnesium is another macromineral which was consumed in significantly greater 
amounts by the NE group than the control group.  A study conducted by Rodriguez-
Moran and Guerrero-Romero (25) explored the affect of oral magnesium 
supplementation on insulin sensitivity in type 2 diabetics.  Their data showed that when 
type 2 diabetics with decreased serum magnesium concentrations received magnesium 
supplementation, they developed higher serum concentrations as well as lower serum 
fasting glucose concentrations and HgbA1c concentrations.  It was concluded that 
adequate magnesium intake could help improve insulin sensitivity and metabolic control 
in type 2 diabetics (25).  With the growing number of cases of type 2 diabetes in 
younger Americans, this could be of major benefit for children with type 2 diabetes.  
Another important function of magnesium is that magnesium is required for bone matrix 
and mineral metabolism and this could also be helpful during adolescent years since 
this is the time when ninety percent of peak bone mineral density is built (18, 26).  
Microminerals 
 In the present study, zinc was the only micromineral that the NE group consumed 
in greater amounts than the control group. Zinc is involved in many different reactions in 
the human body including those that lead to the synthesis of carbohydrates, protein, 
and lipids (19).  Deficiency of zinc has been associated with short stature, mild anemia, 
and a decrease in taste acuity (19).  A study conducted by Arnold, Pinkham, and 
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Votolato (27) explored the effect of zinc intake on subjects who had been diagnosed 
with attention deficit hyperactivity disorder (ADHD).  When they compared three groups 
of subjects - zinc-adequate, borderline zinc, and zinc-deficient - they found that dietary 
zinc was correlated with ADHD symptoms.  This information may be useful in the 
treatment of adolescents who have ADHD. 
 In conclusion a well-taught course in NE can lead to improved nutritional habits in 
high school-aged students.  These changes can have major health implications for 
young women in America.  Key areas that could be positively affected include bone 
health, hormonal balance, glucose control, and prevention of some cancers.   
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APPENDIX B 
 
Food Diary 
 
Personal Characteristics 
Age: _____ 
Height: _____ 
Weight: _____ 
Activity Level: Check one 
[ ] Very Light 
[ ] Light 
[ ] Moderate 
[ ] Heavy 
[ ] Exceptional 
 
Activity Levels Defined: 
• Very light: Seated and standing 
activities, mopping floor, driving, 
laboratory work, typing, sewing, 
ironing, cooking, playing cards, 
playing a musical instrument 
• Light: Walking on a level surface at 
2.5 – 3 mph, garage work, dancing, 
restaurant trades, housecleaning, 
child care, golf, sailing, table tennis 
• Moderate: Walking 3.5 – 4 mph, 
yard work, cycling, tennis, dancing, 
downhill skiing 
• Heavy: Jumping rope, heavy manual 
labor, racquetball, basketball, 
climbing, football, soccer, cross 
country skiing 
• Exceptional: Athletes training in 
professional or world-class events 
 
Day 1: 
Time Amount Food/Ingredient 
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Day 2:  
 
Time Amount Food/Ingredient 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 
Day 3: 
 
Time Amount Food/Ingredient 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
